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Switchable adhesives have the potential to improve the manufacturing and recycling of parts and
to enable new modes of motility for soft robots. Here, we demonstrate magnetically-switchable
adhesion of a two-phase composite to non-magnetic objects. The composite’s continuous phase is a
silicone elastomer, and the dispersed phase is a magneto-rheological fluid. The composite is simple to
prepare, and to mould to different shapes. When a magnetic field is applied, the magneto-rheological
fluid develops a yield stress, which dramatically enhances the composite’s adhesive properties. We
demonstrate up to a nine-fold increase of the pull-off force of non-magnetic objects in the presence
of a 250 mT field.
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Adhesion based on chemical bonding and cross-linking,
as found in epoxies, is irreversible. In contrast, adhe-
sives based on physical interactions, such as commer-
cial pressure-sensitive adhesives (PSAs) [1, 2], display
reversible adhesion and can even be re-usable. To fa-
cilitate removal, it is desirable to be able to switch an
adhesive between strong and weak adhesive states, en-
abling a host of novel applications [3–7]. Thus far, this
has been achieved with a variety of trigger mechanisms.
For example, heat can actuate hot-melt adhesives [8, 9],
shape-memory polymers [10, 11], and liquid crystal elas-
tomers [12], while humidity can actuate hydrogel-based
adhesives [13, 14]. Mechanically-switchable adhesives
can be achieved by using gecko-inspired, patterned in-
terfaces with a directional response [15–19]. These work
well, but have the disadvantages of either being slow to
trigger (in the case of adhesives relying on the diffusion
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FIG. 1. A comparison of the performance of the composite
used in this work with other magnetically switchable adhe-
sives found in literature. All points are for solid adhesives,
except the red circle which is a layer of a magneto-rheological
fluid. Adapted from [5].
∗ paolo.testa@mat.ethz.ch
† laura.heyderman@mat.ethz.ch
‡ eric.dufresne@mat.ethz.ch
of heat or humidity), or relying on complex lithographic
techniques (for gecko-inspired adhesives).
A promising alternative is the use of magnetic fields to
switch adhesives. These can be triggered instantaneously
by the use of electromagnets, and thus offer fast switch-
ability [5]. However, work is still needed to optimise
their performance. Shown in Fig. 1 are the previously
reported adhesives in terms of their work of adhesion,
Wad, and switching ratio (the difference in maximum
adhesive force between ‘on’ and ‘off’ states). Broadly
speaking, the results fall into two groups. Gecko-inspired
magnetic adhesives [20–22], exploit magnetic fields to ac-
tuate fibrillar structures on the surface of the material.
They have high switching ratios, but at the expense of
lower Wad. Dry, magneto-rheological elastomers utilize
a change in mechanical properties to achieve switchable
adhesion, and have higher Wad, but lower switching ratio
[23–25].
Ideally, we would like to combine high switching ratio
and high Wad in a moldable solid adhesive. A suggestion
of how to achieve this comes from previous work using a
layer of a magneto-rheological fluid (MRF) as an adhe-
sive layer [26, 27]. This field-activated fluid features an
excellent switching ratio and a moderate to high work of
adhesion, as shown by the red point in Fig. 1. Despite
excellent performance by theses metrics, its use is limited
by its fluid nature. It cannot be used to mold a part of a
fixed shape, and, used as an adhesive film, it is hard to
maintain intact after repeated adhesion.
Here, we combine the adhesive potential of MRF’s with
the stability and flexibility of a soft silicone elastomer,
by simply dispersing MRF droplets in a silicone matrix
(Fig. 2) [28]. With the field off, the resulting material
is soft enough to conform to a rough surface [29]. When
a magnetic field is applied, the MRF inclusions develop
a yield stress [30], shown in Fig. 2b. This dramatically
changes its adhesive properties, as illustrated in Fig. 2c
and Movie S1, where a piece of acrylic plastic adheres to
the composite when the magnetic field is on, then falls off
when the magnetic field is removed. In this case, the ob-
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FIG. 2. Magnetically switchable adhesion in a magneto-rheological fluid (MRF) – silicone composite. a) X-ray tomogram
showing droplets of MRF dispersed in a silicone elastomer matrix. b) left Schematic illustration of the alignment of magnetic
particles within a droplet under application of an external magnetic field. right Measured yield stress of the MRF with applied
magnetic field. c) Demonstration of magnetically-switchable adhesion. Here, a weight made of non-magnetic acrylic sticks to
the composite when a magnetic field is applied, but detaches under its own weight when the magnetic field is removed, see
Movie S1.
ject can stay adhered to the composite for several hours,
and detaches within a few seconds after the magnetic
field is removed.
The composite is fabricated by dispersing MRF
droplets into liquid silicone at a volume fraction of 30%
(c.f. Materials & Methods). After cross-linking the sili-
cone, the droplets are trapped in an elastic matrix (Fig.
2a) with Young’s modulus tuned from roughly 4 to 40
kPa. The MRF itself is a dispersion of micron-sized,
carbonyl-iron particles (80% by weight) in a 50:50 mix-
ture of water and glycerol (see further details in the Ma-
terials & Methods).
We quantified the adhesion of this material with a
probe-tack test, as described in the Materials & Meth-
ods. Briefly, we indented a h = 3 mm thick sample with
a rigid plastic cylindrical indenter of radius a = 4.8 mm.
By using a plastic indenter, we were able to accurately
characterise the adhesion with and without a magnetic
field. Analysis of the resulting force-extension curves pro-
vided the pull-off force, FPO, effective work of adhesion,
Wad (both defined in Fig. 3a), and composite elastic
modulus, E.
Typical force-indentation results are shown in Fig. 3a.
The results with no magnetic field are given by the blue
curve, and the response when B ≈ 250 mT is shown
by the red curve. These results clearly demonstrate a
field-induced increase in FPO, Wad, and E (the latter
is calculated from the slope at small indentations, and
its dependence on B is discussed in [28]). Significantly,
FPO and Wad do not depend on whether the magnetic
field was on or off during loading. When the magnetic
field is applied only after loading, FPO and Wad are still
increased, as shown by the green curve in Fig. 3b. When
the magnetic field is removed after loading (yellow curve),
FPO and Wad are similar to the B = 0 case in Fig. 3a.
For a fixed cylindrical geometry, the pull-off force
from a linear elastic substrate should be proportional to√
WadE [31]. To test whether the field-driven increase
of the composite modulus is sufficient to capture the ob-
served enhancement of adhesion, we prepared magnetic
composites with a range of silicone Young’s moduli be-
tween ≈ 4 and ≈ 40 kPa. We additionally prepared
a control set of pure silicone samples within the same
Young’s modulus range. For each composite, we mea-
sured the pull-off force and stiffness at a speed of 300
μm/min, with and without the magnetic field. At a fixed
magnetic field, the pull-off force increased with stiffness
for both the composite (Fig. 3c) and pure silicone sam-
ples (Fig. 3d), as expected. However, for the composite
at the same stiffness, the pull-off force is higher when the
magnetic field is on (Fig. 3c). Thus, a field-induced in-
crease of the elastic modulus cannot explain the observed
field-enhanced adhesion.
We hypothesize that the increased pull-off force is due
to enhanced dissipation within the MRF droplets, which
toughens the composite, and hinders propagation of the
interfacial cracks which underlie adhesive failure. As
shown in Fig. 4, we observed the adhesive interface dur-
ing retraction, by imaging through a fixed acrylic inden-
ter of radius 4.8 mm (see Materials & Methods). For
the composite without an applied magnetic field (E ≈ 4
kPa), we find that the delamination front has a smooth
shape, similar to the delamination of pure silicone (Ma-
terials & Methods). When a magnetic field of B ≈ 250
mT is applied to the composite, the modulus of the com-
posite increases to E ≈ 12 kPa, and the delamination
front is very rough, similar to the delamination from an
MRF with B > 0, as shown in supplemental Fig. 7. This
roughening of the crack front is typical of delamination
of materials that have a significant dissipative component
[32–34].
We quantified the contribution of dispersed MRF
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FIG. 3. Influence of the magnetic field on adhesion. a) Typical force-displacement curves for a 4 kPa composite with (red
curve) and without (blue curve) an applied magnetic field of ≈ 250 mT. b) The same material indented with the magnetic
field applied only during pull-off (green curve), or only during indentation (yellow curve). c) Pull-off force versus composite
modulus, with (red data) and without (blue data) an applied magnetic field. Arrows connect data-points from the same sample.
d) Pull-off force versus Young’s modulus for pure silicone (green data). In c,d) the pull-off force increases approximately as√
E, as indicated by the dashed lines. In all panels the indentation was performed at 1 mm/min. In the last two panels, the
indentation depth was 0.75 mm.
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FIG. 4. Visualization of the delamination front. Sequential
images of the interface between a transparent indenter and
composite material whose elastic modulus is ≈ 4 kPa when
B = 0 during pull-off. The retracting delamination front is
traced in white, and the blue and red false color indicates
regions in contact with the indenter. a) - c) Delamination
with no applied magnetic field. d) - f) Delamination with an
≈ 250 mT applied field.
droplets to the dissipation in a series of probe-tack tests.
Performing an indention cycle on a pure MRF in a mag-
netic field results in a large hysteresis loop (see Fig. 5a).
If we indent further into the sample before retraction
(yellow curve), there is more yielding, and even more en-
ergy dissipated, in both compression and tension. Deeper
indentations also result in larger pull-off forces. In con-
trast, for pure silicone, the total dissipated energy was
unaffected by the total indentation depth, as shown in
Fig. 5b. For the composite, a dissipative behavior simi-
lar to that of the MRF is exhibited, which indicates that
the MRF is responsible for this behaviour (Fig. 5c). To
support this observation, the dependence of the pull-off
force, FPO, and work of adhesion, Wad, on indentation
depth is compared across materials in Fig. 5d and 5e, re-
spectively. When the magnetic field is off, the composite
is insensitive to the indentation depth, which is similar
to the behavior of the pure silicone. When the mag-
netic field is on, the composite has higher, indentation-
dependent, values of Wad and FPO, mimicking the MRF.
This field-driven enhancement of adhesive properties
is very weakly rate dependent. The pull-off force, FPO
is shown as a function of indentation speed in Fig. 5f.
Indeed, the FPO has a roughly logarithmic dependence
on speed. Since the magnetic field enhancement in the
FPO persists even at very slow rates, we conclude that
the visco-elastic response of the composite is not the main
driver of field-enhanced adhesion. This supports the con-
clusion that the yield stress of the MRF is the dominant
rheological property contributing to field-enhanced adhe-
sion.
We can estimate the work of adhesion that can be
achieved by this system, by considering the energy dis-
sipated in the MRF inclusions during pull-off. As the
inclusions deform, they dissipate an energy per unit vol-
ume that scales with their yield stress, τy. Thus the total
energy dissipated in the adhesive layer should scale like
W ∼ φτyd, where φ is the volume fraction of MRF and
d is the indentation depth. We fit the B > 0 data in Fig.
5e to this expression, while fixing the volume fraction to
φ = 0.3 and varying the yield stress, τy. This gives a
reasonable fit, shown in Fig. 5e, for a yield stress of 5.4
kPa, which is consistent with measured value of the MRF
yield stress at the applied field of B ≈ 250 mT (Fig. 2b),
once again demonstrating that the MRF is responsible
for the adhesive properties of the composite.
In conclusion, we have demonstrated magnetically-
controlled adhesion of a composite elastomer to non-
magnetic objects. The composite is fabricated with a
simple emulsion process, and performs well compared to
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FIG. 5. Effect of indentation depth on adhesive strength. a-c) Probe tack tests performed at two different indentation depths
on a) pure MRF samples with B ≈ 250 mT , b) pure silicone with E ≈ 8.5 kPa, and c) composite with E ≈ 12 kPa and
B ≈ 250 mT. d,e) Dependence of FPO and Wad on the maximum indentation depth for pure silicone, the pure magneto-
rheological fluid and the composite without the applied magnetic field (blue points) and with (red points). The dashed line
corresponds to the scaling Wad = τyφd, with fitted τy=5.4 kPa. f) Speed-dependence of the pull-off force for a 4 kPa composite,
with and without the magnetic field.
previous magnetically-switchable adhesives (c.f. Fig. 1).
The applied magnetic field increases the dissipation in
the bulk of the composite, thereby changing the apparent
work of adhesion and pull-off force. The enhancement of
the work of adhesion is captured by a simple model that
accounts for the field-dependent yield stress of the in-
clusions, thus facilitating rational materials design. The
field-switchable adhesion is achievable at field strengths
accessible with consumer permanent magnets as well as
simple electromagnets, as demonstrated in Movie S2.
These capabilities expand the utility of pressure sensi-
tive adhesives to new applications requiring actuation of
adhesive forces, such as soft robotic systems.
MATERIALS & METHODS
Sample preparation: A water-based magneto-
rheological fluid (formulated on request, Liquids
Research Limited) with 80% weight fraction of car-
bonyl iron microparticles was modified to avoid solvent
evaporation by adding glycerol, resulting in a final fluid
containing 66% weight fraction of iron microparticles,
17% weight fraction of glycerol, and 17% weight frac-
tion of water and stabilizers. At a relative humidity
of ≈ 40%, drying was not observed over the course
of one week, as expected from the equilibrium com-
position of the waterglycerol mixture [35]. Silicone
elastomers were produced by mixing different ratios
of vinyl-terminated PDMS (DMS-V31, Gelest Inc.)
with (2535% methylhydrosiloxane)-dimethylsiloxane
copolymer, trimethylsiloxane terminated (HMS-301,
Gelest Inc.), with the addition of platinum divinyl
tetramethyldisiloxane catalyst (SIP6831.2, Gelest Inc.)
according to the methodology reported by Style et al
[36] to obtain the desired elastic modulus. To form the
liquid precursor emulsion for the final composite, a 30%
volume fraction of the modified magneto-rheological
fluid and the silicone precursors were mixed together
with the surfactant molecule PEG-dimethicone (ES5612,
DOW Corning) and stirred manually for 5 min. This
resulted in an MRF-in-silicone emulsion, stabilized by
the surfactant. The mixture was degassed in a vacuum
chamber for an additional 5 min, then poured into a
30 × 30mm2 wide acrylic mold with a height of h = 3
mm and covered by a thin plastic sheet to obtain a flat
and smooth surface, and left to crosslink overnight at
room temperature.
Adhesion experiments: Adhesion experiments were
performed using a Zwick/Roell Z2.5 mechanical testing
tool. The sample holders were clamped to the tool by
an in-house built holder made of acrylic, in which a per-
manent magnet (60 × 60 × 15 mm3, residual magnetic
field = 1.3 T, Supermagnete) could be inserted to apply
a magnetic field of ≈ 250 mT. Indentation was performed
using an acrylic cylindrical indenter of radius a = 4.8 mm
to avoid any artefacts in the force measurements in an
applied magnetic field. The test sequence consisted of
5an indentation step (speed = 1 mm/min), followed by a
dwell time of 240 s, followed by a pull-off step (speed =
300 μm/min). During the dwell time we observed some
viscoelastic relaxation of the force.
Adhesion experiments interpretation: During indenta-
tion, the force increases linearly with displacement, as
expected from linear elasticity. The slope of this curve
yields the Young’s modulus E given by
E =
F (1− ν2)
2ad
g(a/h), (1)
where F is the measured force, d the indentation dis-
tance, ν is the Poisson’s ratio of the polymer, assumed
to be 0.5, and a is the radius of the indenter. g is a cor-
rection factor that depends on the ratio between a and
the thickness of the sample, h, and is given by [37]:
g(a/h) =
(
1 +
(
0.75
(a/h) + (a/h)3
+
2.8(1− 2ν)
(a/h)
)−1)−1
(2)
We define the work of adhesion to be the integral of the
force displacement curve in the tensile region (F < 0)
during pull-off divided by the area of the indenter:
Wad =
∫
Fdd
pia2
(3)
The pull-off force, FPO, is simply the maximum tensile
force during pull-off.
Interface observations: In order to observe the inter-
face between the indenter probe and the sample we in-
verted the indentation setup. The sample and the mag-
net were then mounted on the moving arm of the me-
chanical testing tool, while the transparent acrylic inden-
ter was fixed to a glass plate. A Thorlabs DCC3240M
USB camera with a 0.5× to 1× telecentric objective
(VariMagTL, Edmund Optics) was placed underneath
the glass plate, and the indentation and retraction pro-
cess was recorded. The same test sequence that was used
for adhesion experiments was applied.
Magnetic field calculation: The magnetic field at the
surface of the sample was determined using Comsol Mul-
tiphysics 5.4. For the magnetic field configuration shown
in Fig. 6, the field at the surface of the sample (distance
along z from the center of magnet of ≈ 6 mm) was found
to be ≈ 250 mT.
Indentation front comparison: Besides the snapshots
shown in Fig. 4, a comparison of the indentation
front with a pure silicone sample and a pure magneto-
rheological fluid sample was performed using the same
setup that was used for the indentation tests. The in-
dentation front for different materials are shown in 7,
and for silicone (Fig. 7a) is very smooth like that of the
composite without magnetic field (Fig. 7b), while the
indentation front for the composite with magnetic field
(Fig. 7c) is rough, like that of the MRF (Fig. 7d). This
supports the hypothesis that the shape of the indenta-
tion front is associated with the dissipation behavior at
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FIG. 6. Simulation of magnetic field from the permanent
magnet used in the study. a) Out-of-plane component of the
magnetic field as a function of the distance along z, labeled as
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of the measurement is indicated by the red shading, and has
a magnitude of ≈ 250 mT. b) Magnetic field intensity and
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FIG. 7. Images of the interfaces between a transparent inden-
ter and different samples during pull-off. a) Silicone, E ≈ 8.5
kPa. b) Composite, E ≈ 4 kPa and B = 0 . c) Composite,
E ≈ 12 kPa and B ≈ 250 mT. d) Magneto-rheological fluid,
B ≈ 250 mT.
the interface, and ultimately to the values of Wad and
FPO.
Yield stress measurement: Magneto-rheological char-
acterization of the MRF was performed with an Anton
Paar MCR 302 rheometer equipped with a magneto-
rheological device (MRD) measurement accessory (Anton
Paar) in a 20 mm parallel plate configuration. The acces-
sory provides a magnetic field of up to 1000 mT during
the measurement. The measurements were taken at 25◦
C. Specifically, we performed a shear stress ramp mea-
6surement between τ = 0 and 105Pa at different fields
between 0 and 1000 mT. We extracted the yield stress
from the τ vs γ˙ plot as the linear interpolation of the
slope after the onset of flow.
CONFLICTS OF INTEREST
There are no conflicts to declare.
ACKNOWLEDGEMENTS
The authors thank Chris Furrer for the help in cre-
ating the acrylic indenters, and Nicolas Bain, Qin Xu,
Peter Derlet and Anand Jagota for helpful discussions.
The authors acknowledge the Paul Scherrer Institute,
Villigen, Switzerland for provision of synchrotron radi-
ation beamtime at the TOMCAT beamline X02DA of
the SLS. This work was funded by an ETH Research
Grant (grant number ETH-48 17-1) Tailored mesoscopic
magneto-mechanical systems, awarded for a project pro-
posed by Paolo Testa, Laura J. Heyderman and Peter M.
Derlet.
AUTHOR CONTRIBUTIONS
P.T., E.R.D., and L.J.H. developed the original mate-
rial concept. R.W.S., E.R.D. and P.T. developed the ad-
hesion measurements and interpretation. P.T., S.K. and
B.C. designed and performed all the experiments with
input from E.R.D. and R.W.S. P.T., R.W.S., and E.R.D.
analyzed data. R.W.S. P.T., L.J.H., and E.R.D. wrote
the paper.
[1] S. Abbott, Adhesion science: principles and practice.
DEStech Publications, 2015.
[2] C. Gay and L. Leibler, “On Stickiness,” Phys. Today,
vol. 52, pp. 48–52, nov 1999.
[3] M. A. Meitl, Z. T. Zhu, V. Kumar, K. J. Lee, X. Feng,
Y. Y. Huang, I. Adesida, R. G. Nuzzo, and J. A. Rogers,
“Transfer printing by kinetic control of adhesion to an
elastomeric stamp,” Nat. Mater., vol. 5, no. 1, pp. 33–
38, 2006.
[4] S. Kim, M. Spenko, S. Trujillo, B. Heyneman, D. Santos,
and M. R. Cutkoskly, “Smooth vertical surface climbing
with directional adhesion,” IEEE Trans. Robot., vol. 24,
no. 1, pp. 65–74, 2008.
[5] A. B. Croll, N. Hosseini, and M. D. Bartlett, “Switchable
Adhesives for Multifunctional Interfaces,” Adv. Mater.
Technol., vol. 4, p. 1900193, aug 2019.
[6] S. Song, D. M. Drotlef, J. Paik, C. Majidi, and M. Sitti,
“Mechanics of a pressure-controlled adhesive membrane
for soft robotic gripping on curved surfaces,” Extreme
Mech. Lett., vol. 30, p. 100485, 2019.
[7] Z. Ye, G. Z. Lum, S. Song, S. Rich, and M. Sitti, “Gallium
Adhesion: Phase Change of Gallium Enables Highly Re-
versible and Switchable Adhesion,” Adv. Mater., vol. 28,
pp. 5087–5087, jul 2016.
[8] C. Derail, A. Allal, G. Marin, and P. Tordjeman, “Re-
lationship between viscoelastic and peeling properties of
model adhesives. Part 1. Cohesive fracture,” J. Adhes.,
vol. 61, no. 1-4, pp. 123–157, 1997.
[9] W. Li, L. Bouzidi, and S. S. Narine, “Current research
and development status and prospect of hot-melt adhe-
sives: A review,” Ind. Eng. Chem. Res., vol. 47, no. 20,
pp. 7524–7532, 2008.
[10] J. Eisenhaure and S. Kim, “An Internally Heated Shape
Memory Polymer Dry Adhesive,” Polymers, vol. 6,
pp. 2274–2286, aug 2014.
[11] J. D. Eisenhaure, T. Xie, S. Varghese, and S. Kim, “Mi-
crostructured Shape Memory Polymer Surfaces with Re-
versible Dry Adhesion,” ACS Appl. Mater. Interfaces,
vol. 5, pp. 7714–7717, aug 2013.
[12] T. Ohzono, M. O. Saed, and E. M. Terentjev, “En-
hanced Dynamic Adhesion in Nematic Liquid Crystal
Elastomers,” Adv. Mater., vol. 31, p. 1902642, 2019.
[13] L. Xue, A. Kovalev, K. Dening, A. Eichler-Volf, H. Eick-
meier, M. Haase, D. Enke, M. Steinhart, and S. N. Gorb,
“Reversible adhesion switching of porous fibrillar adhe-
sive pads by humidity,” Nano Lett., vol. 13, no. 11,
pp. 5541–5548, 2013.
[14] H. Cho, G. Wu, J. C. Jolly, N. Fortoul, Z. He, Y. Gao,
A. Jagota, and S. Yang, “Intrinsically reversible super-
glues via shape adaptation inspired by snail epiphragm,”
Proc. Natl. Acad. Sci. U. S. A., vol. 116, no. 28,
pp. 13774–13779, 2019.
[15] H. K. Minsky and K. T. Turner, “Composite Microposts
with High Dry Adhesion Strength,” ACS Appl. Mater.
Interfaces, vol. 9, no. 21, pp. 18322–18327, 2017.
[16] L. F. Boesel, C. Cremer, E. Arzt, and A. D. Campo,
“Gecko-inspired surfaces: A path to strong and reversible
dry adhesives,” Adv. Mater., vol. 22, no. 19, pp. 2125–
2137, 2010.
[17] E. Arzt, S. Gorb, and R. Spolenak, “From micro to nano
contacts in biological attachment devices,” Proc. Natl.
Acad. Sci. U. S. A., vol. 100, no. 19, pp. 10603–10606,
2003.
[18] B. Schubert, C. Majidi, R. E. Groff, S. Baek, B. Bush,
R. Maboudian, and R. S. Fearing, “Towards friction and
adhesion from high modulus microfiber arrays,” J. Adhes.
Sci. Technol., vol. 21, no. 12-13, pp. 1297–1315, 2007.
[19] M. Sitti and R. S. Fearing, “Synthetic gecko foot-hair
micro/nano-structures as dry adhesives,” J. Adhes. Sci.
Technol., vol. 17, no. 8, pp. 1055–1073, 2003.
[20] M. T. Northen, C. Greiner, E. Arzt, and K. L. Turner, “A
gecko-inspired reversible adhesive,” Adv. Mater., vol. 20,
no. 20, pp. 3905–3909, 2008.
[21] A. G. Gillies, J. Kwak, and R. S. Fearing, “Controllable
particle adhesion with a magnetically actuated synthetic
gecko adhesive,” Adv. Funct. Mater., vol. 23, no. 26,
pp. 3256–3261, 2013.
[22] D. M. Drotlef, P. Blu¨mler, and A. Del Campo, “Magnet-
ically actuated patterns for bioinspired reversible adhe-
7sion (dry and wet),” Adv. Mater., vol. 26, no. 5, pp. 775–
779, 2014.
[23] J. Krahn, E. Bovero, and C. Menon, “Magnetic field
switchable dry adhesives,” ACS Appl. Mater. Interfaces,
vol. 7, no. 4, pp. 2214–2222, 2015.
[24] J. Risan, A. B. Croll, and F. Azarmi, “Compliance
switching for adhesion control,” J. Polym. Sci., Part B:
Polym. Phys., vol. 53, no. 1, pp. 48–57, 2015.
[25] H. Pang, L. Pei, J. Xu, S. Cao, Y. Wang, and X. Gong,
“Magnetically tunable adhesion of composite pads with
magnetorheological polymer gel cores,” Compos. Sci.
Technol., vol. 192, no. December 2019, p. 108115, 2020.
[26] R. H. Ewoldt, P. Tourkine, G. H. McKinley, and A. E.
Hosoi, “Controllable adhesion using field-activated flu-
ids,” Phys. Fluids, vol. 23, no. 7, pp. 1–13, 2011.
[27] M. Watanabe, N. Wiltsie, A. E. Hosoi, and K. Iagnemma,
“Characteristics of controllable adhesion using magneto-
rheological fluid and its application to climbing robotics,”
in IEEE Int. Conf. on Intelligent Robots and Systems,
pp. 2315–2320, IEEE, 2013.
[28] P. Testa, R. W. Style, J. Cui, C. Donnelly, E. Borisova,
P. M. Derlet, E. R. Dufresne, and L. J. Heyderman,
“Magnetically Addressable ShapeMemory and Stiffen-
ing in a Composite Elastomer,” Adv. Mater., vol. 31,
p. 1900561, jul 2019.
[29] C. A. Dahlquist, Treatise on Adhesion and Adhesives.
Marcel Dekker, 1969.
[30] H. M. Laun and C. Gabriel, “Measurement modes of the
response time of a magneto-rheological fluid (MRF) for
changing magnetic flux density,” Rheol. Acta, vol. 46,
no. 5, pp. 665–676, 2007.
[31] K. R. Shull and A. J. Crosby, “Axisymmetric adhesion
tests of pressure sensitive adhesives,” J. Eng. Mater.
Technol., vol. 119, no. 3, pp. 211–215, 1997.
[32] C. Creton, “Pressure-sensitive adhesives: An introduc-
tory course,” MRS Bull., vol. 28, no. 6, pp. 434–439,
2003.
[33] H. Yuk, T. Zhang, S. Lin, G. A. Parada, and X. Zhao,
“Tough bonding of hydrogels to diverse non-porous sur-
faces,” Nat. Mater., vol. 15, no. 2, pp. 190–196, 2016.
[34] A. J. Crosby, K. R. Shull, H. Lakrout, and C. Creton,
“Deformation and failure modes of adhesively bonded
elastic layers,” J. Appl. Phys., vol. 88, no. 5, pp. 2956–
2966, 2000.
[35] Physical properties of glycerol and its solutions. New
York: Glycerine Producers’ Association, 1953.
[36] R. W. Style, J. S. Wettlaufer, and E. R. Dufresne, “Sur-
face tension and the mechanics of liquid inclusions in
compliant solids.,” Soft matter, vol. 11, no. 4, pp. 672–
679, 2015.
[37] Y. Y. Lin, C. Y. Hui, and H. D. Conway, “Detailed elastic
analysis of the flat punch (tack) test for pressure-sensitive
adhesives,” J. Polym. Sci., Part B: Polym. Phys., vol. 38,
no. 21, pp. 2769–2784, 2000.
